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(57) ABSTRACT 

An increased proportion of light projected from a nitride 
semiconductor light emitting diode enters the area Within a 
speci?ed angle. The nitride semiconductor light emitting 
diode is provided With an active layer 32 consisting of a 
nitride semiconductor, and a light projecting face 21. A 
re?ecting mirror 38 is formed only on a side of the active 
layer 32 opposite the light projecting face 21. The re?ecting 
mirror 38 is formed at a location from the center of the active 
layer 32 approximately (k'>\,/2+>\./4)/Il (Where 2» is the Wave 
length of light projected from the active layer 32, n is the 
mean refractive index of an area betWeen the active layer 32 
and the re?ecting mirror 38, and k is an integer). This light 
emitting diode alloWs directivity to be increased suf?ciently, 
and the coupling e?iciency thereof With optical ?ber con 
sisting of POF or the like can be improved. 
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NITRIDE SEMICONDUCTOR LIGHT EMITTING 
DIODE 

RELATED APPLICATION 

[0001] The present application claims priority on the J apa 
nese Application No. 2002214322, ?led Jul. 23, 2002. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a nitride semicon 
ductor light emitting diode. 

[0004] 2. Related Art 

[0005] A nitride semiconductor light emitting diode (here 
after abbreviated to ‘light emitting diode’) having a nitride 
semiconductor active layer is knoWn in the art. As shoWn in 
FIG. 22(A), light projected from an active layer 132 of a 
light emitting diode 120 forms a spherical Wave spreading in 
all directions. The intensity distribution of the projected light 
is a function of the cosine of the angle 0, as shoWn in FIG. 
22(B). Directivity is not observed. 

[0006] Since conventional light emitting diodes are 
mainly used for displays, there is no particular need to 
improve the directivity of the projected light from the light 
emitting diodes. Instead, the main aim of the light emitting 
diode is to improve visibility. 

[0007] A light emitting diode is knoWn Wherein a re?ect 
ing mirror is formed on only one of the tWo sides of the 
active layer, this re?ecting mirror being on the side opposite 
a light projecting face. In this light emitting diode, light 
emitted toWard the side opposite the light projecting face is 
re?ected toWard the light projecting face by the re?ecting 
mirror. This someWhat improves the directivity of the pro 
jected light, and ensures high visibility. 

[0008] Further, a light emitting diode provided With a 
transparent resin mold having a lens attached thereto is 
knoWn in the art. In this light emitting diode, the lens 
contained in the transparent resin mold someWhat improves 
the directivity of the projected light, and ensures high 
visibility. 
[0009] Since the main aim in conventional light emitting 
diodes is to ensure high visibility, these conventional light 
emitting diodes have loW directivity of the projected light, 
and the projected light spreads across a Wide area. Although 
techniques of using a re?ecting mirror or a lens to improve 
the directivity of the projected light are knoWn, the direc 
tivity attained by this means remains unsatisfactory. 

[0010] Light sources for optical communications require 
light With a high output and a high degree of directivity. For 
this, semiconductor lasers, Which have a high output and a 
high degree of directivity, are used. HoWever, there has been 
no particular need to increase directivity in nitride semicon 
ductor light emitting diodes, since these are mainly used for 
displays, and research that satisfactorily increases directivity 
has not been performed. 

[0011] We have recogniZed that short range optical com 
munications need not utiliZe a high output semiconductor 
laser that requires a resonator structure, instead, a light 
emitting diode that does not require a resonator structure is 
often suf?cient. The light emitting diode has a simpler 
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structure than a semiconductor laser, the manufacturing 
process thereof is simpler, and the cost is loWer. Conse 
quently, there Would be great merit in having the light source 
for short range optical communications comprising of, if 
possible, a light emitting diode, this being cheaper due to its 
not requiring the resonator structure, instead of the semi 
conductor laser, Which is expensive due to its requiring the 
resonator structure. 

[0012] In recent years, short range optical communica 
tions are being employed that utiliZe plastic optical ?ber 
(hereafter, for convenience, referred to as ‘POF’). POF 
rather than silica glass is being utiliZed in short range optical 
communications because POF is (1) cheaper, (2) connecting 
operations are easier, etc. The POF utiliZed in these short 
range optical communications has high transmissivity in the 
range of visible light. Nitride semiconductor light emitting 
diodes, Which emit short Wavelengths (blue light and green 
light) of visible light, are suitable as a light source for POF. 

[0013] Further, it is dif?cult to obtain good quality crystal 
groWth With nitride semiconductors that emit short Wave 
lengths (blue light and green light) of visible light, therefore, 
nitride semiconductor lasers are not yet practical. 

[0014] From the vieWpoint of Wavelength of emitted light, 
the nitride semiconductor light emitting diode is suitable as 
a light source for POF, and additionally the price thereof is 
more advantageous than of the laser. HoWever, since the 
directivity thereof is loW, light fails to enter the optical 
?bers, With the result that coupling ef?ciency With optical 
?bers is loW. 

[0015] The light that is able to enter the optical ?bers 
(represented here by POF) is restricted only to that light that 
is Within the range of the angle of incidence of the optical 
?bers, this being determined by the con?guration of the 
optical ?bers (usually approximately :15 degrees in the case 
of FOP). When light projected by conventional light emit 
ting diodes is to enter optical ?bers, the light projected by the 
light emitting diode spreads Widely beyond the range of the 
angle of incidence of the optical ?bers, and the proportion of 
projected light unable to enter the optic ?ber is high. 

[0016] As shoWn in FIG. 23, the conventional light emit 
ting diode has a rectangular ?rst electrode 138 that supplies 
electric current ?oWing through an active layer. A second 
electrode 128 has an approximately semicircular shape, a 
portion of the rectangular ?rst electrode 138 being cut aWay 
in a semicircular shape so as to surround the semicircular 
second electrode 128. Since almost all conventional light 
emitting diodes are used as displays, the light emitting area 
must be large. When a plurality of light emitting diodes 
formed on a substrate is to be separated into chips, cleavage 
or the like is normally used for separation, and consequently 
each chip is rectangular. A rectangular electrode is formed 
along each rectangular chip so as to increase the light 
emitting area thereof. 

[0017] FIG. 24 shoWs numeric values for the intensity 
distribution of the emitted light of the conventional light 
emitting diode having the electrode con?guration shoWn in 
FIG. 23. With this type of electrode con?guration, an 
electric current does not ?oW With a uniform current density 
through the electrode 138, there being loWer resistance in the 
region of the electrode 138 closer to the opposing electrode 
128, and the current density consequently being higher. 
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Light is emitted With higher intensity from the areas of the 
active layer that have a higher current density. Further, since 
electric ?elds are concentrated more readily in corners, the 
current density in the corners is higher, and the intensity of 
emitted light is higher. This is Why, of the area of the 
electrode 138 closer to the opposing electrode 128, the 
corner areas thereof have a higher intensity of emitted light 
(see FIG. 24). 
[0018] Transient behavior is also important, particularly in 
cases Where modulation in light intensity is utiliZed, such as 
optical communications. HoWever, if electric current ?rst 
?oWs to areas in Which the electric current ?oWs most 
readily, the resistance in those areas drops, and a phenom 
enon is likely to occur Whereby the electric current is 
concentrated in those areas. 

[0019] FIG. 25 shoWs light projected from a conventional 
light emitting diode 120 entering an optical ?ber. A high 
proportion of the light projected from the conventional light 
emitting diode 120 is unable to enter the optic ?ber. One 
reason for this is that the directivity of the light projected 
from the conventional light emitting diode 120 is loW, and 
so a large quantity of light leaks from the optical ?ber. A 
second reason for this is that the intensity of light in the left 
half of FIG. 24 and the intensity of light in the right half 
thereof are asyrnrnetrical. As shoWn in FIG. 25, the pro 
jected light distribution from the left half and right half areas 
of the active layer is polariZed (polarized asyrnrnetrically), a 
large quantity of the light emitted from the left half area of 
the active layer being projected outside the range of the 
angle of incidence of the optical ?ber, as shoWn by FIG. 
106. This is one reason Why the proportion of light projected 
from the light emitting diode that is able to enter the optical 
?ber (i.e., the coupling ef?ciency of the light emitting diode 
With the optical ?ber) is loW. 

SUMMURY OF THE INVENTION 

[0020] One aim of the present invention is to realiZe a 
technique for increasing the directivity of light projected 
from a nitride serniconductor light emitting diode. 

[0021] A further aim of the present invention is to realiZe 
a technique for suppressing the asymmetrical polariZation of 
the projected light distributed from the nitride serniconduc 
tor light emitting diode. 

[0022] Yet another aim of the present invention is to 
realiZe a technique for improving the coupling ef?ciency 
betWeen the nitride serniconductor light emitting diode and 
an optical ?ber. 

[0023] The nitride serniconductor light emitting diode 
embodied in the present invention is provided With a sub 
strate and a nitride serniconductor groWn on the substrate. 
The nitride serniconductor is thick at a central portion 
thereof and thin at a peripheral portion thereof, an active 
layer being formed in the thick central portion. A ?rst 
electrode is formed in an upper face of the thick central 
portion, and a second electrode is formed in an upper face 
of the thin peripheral portion. A re?ecting mirror is formed 
at one side of the active layer formed in the thick central 
portion. The re?ecting mirror is located at a distance of 
approximately (k'>\./2+>\./4)/Il from a center of the active 
layer. In the above formula, )L is the Wavelength of light 
projected from the active layer, n is the mean refractive 
indeX of an area betWeen the active layer and the re?ecting 
mirror, and k is an integer. 
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[0024] This light emitting diode has the re?ecting rnirror 
formed only on one of the tWo sides of the active layer, that 
is, on the side opposite a light projecting face thereof. 
Moreover, it is an important characteristic of this light 
emitting diode that the distance betWeen the re?ecting 
mirror and the center of the active layer satis?es the above 
formula. 

[0025] When the distance betWeen the re?ecting mirror 
and the center of the active layer satis?es the above formula, 
light projected from the active layer in a perpendicular 
rnanner toWard the light projecting face, and light projected 
from the active layer in a perpendicular rnanner toWard the 
re?ecting mirror and re?ected therefrorn, rnutually inter 
feres, and becomes stronger. HoWever, light projected from 
the active layer in an inclined rnanner toWard the light 
projecting face, and light projected from the active layer in 
an inclined rnanner toWard the re?ecting mirror and re?ected 
in an inclined rnanner therefrorn, rnutually interferes, and 
becomes Weaker. As a result, the spread of light is substan 
tially narroWer than in the case of the conventional light 
emitting diode, and directivity can be substantially 
improved. The intensity of light projected in the area Within 
a speci?ed angle can be increased. 

[0026] The light emitting diode alloWs an increased pro 
portion of light to enter optical ?ber such as POF. The light 
emitting diode alloWs the coupling ef?ciency With the opti 
cal ?ber to improve. By specifying the distance, as With the 
above formula, betWeen the re?ecting mirror and the center 
of the active layer, the light emitting diode of the present 
invention differs greatly from the conventional light emitting 
diode having a re?ecting rnirror attached thereto. 

[0027] The de?nition of the re?ecting rnirror being at a 
distance from the center of the active layer of approximately 
(k~)t/2+)t/4)/n‘ includes the re?ecting rnirror being at a 
distance equal to and within approximately 110% of (k-M 
2+>\./4)/I1 from the center of the active layer. If the re?ecting 
mirror is formed Within this range of distance, the directivity 
of the projected light can be improved. 

[0028] It is preferred that the re?ecting rnirror also func 
tions simultaneously as an electrode for alloWing electric 
current to ?oW through the active layer. By having the 
re?ecting rnirror also functions as the electrode, a light 
emitting diode that has a simple con?guration and is easy to 
manufacture is utiliZed to improve the directivity of the 
projected light. 

[0029] It is preferred that a conveX lens is formed on the 
light projecting face. Since light is projected after having 
been concentrated by the conveX lens, directivity can be 
further improved. The coupling ef?ciency of the light ernit 
ting diode can be improved further. 

[0030] The ?rst electrode and the second electrode are 
formed on the face opposite the substrate. It is an important 
characteristic of the light emitting diode of the present 
invention that the ?rst electrode is located at the central 
portion of the nitride semiconductor substrate, and the 
second electrode is located at the peripheral portion of the 
nitride semiconductor substrate. 

[0031] In this light emitting diode, asyrnrnetrical polariZa 
tion in the distribution of electric current ?oWing through the 
active layer can be suppressed. The asyrnrnetrical polariZa 
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tion in emitted light intensity that occurs in the conventional 
light emitting diode shoWn in FIG. 24 can be suppressed. 

[0032] In this light emitting diode, an increased proportion 
of light can enter the area Within a speci?ed angle. The 
coupling ef?ciency betWeen the light emitting diode and the 
optical ?ber can be improved. 

[0033] It is preferred that the ?rst electrode is surrounded 
by the second electrode When vieWed from a direction 
perpendicular to the substrate. Further, it is preferred that the 
center of the ?rst electrode and the center of the second 
electrode are coincident. The asymmetrical polariZation in 
the distribution of emitted light intensity can effectively be 
suppressed. 
[0034] It is preferred that, When vieWed from a direction 
perpendicular to the substrate, the outer circumference shape 
of the ?rst electrode has a shape resembling the inner 
circumference shape or the outer circumference shape of the 
second electrode. For eXample, in the case Where the outer 
shape of the ?rst electrode is polygonal, it is preferred that 
the inner pro?le or the outer pro?le of the second electrode 
is a similar polygonal shape. 

[0035] In this case, the asymmetrical polariZation in the 
distribution of electric current ?oWing through the active 
layer can be reduced. As a result, an increased proportion of 
light projected from the light emitting diode can be concen 
trated Within the area Within a speci?ed angle. 

[0036] It is preferred that the pro?le of at least one of the 
?rst electrode and the second electrode forms a smooth 
continuum and contains no corners. In this light emitting 
diode, since no corners are formed in the electrode, the 
phenomenon does not occur Whereby electric ?elds are 
concentrated at corners of the electrode, and the nonunifor 
mity in the distribution of electric current ?oWing through 
the active layer can be reduced. As a result, an increased 
proportion of light projected from the light emitting diode 
can be concentrated Within the area Within a speci?ed angle. 

[0037] Aparticularly suitable aspect is, When vieWed from 
a direction perpendicular to the substrate, that the ?rst 
electrode is preferably circular and the second electrode has 
a ring shape concentric With the ?rst electrode. With this 
con?guration, point symmetry in the distribution of electric 
current ?oWing through the active layer can be attained, and 
asymmetrical polariZation in the distribution of electric 
current ?oWing through the active layer scarcely occurs. An 
increased proportion of the light projected from the light 
emitting diode can be concentrated Within the area Within a 
speci?ed angle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0038] FIG. 1 shoWs a schematic cross-sectional vieW 
shoWing a light emitting diode of an embodiment of the 
present invention. 

[0039] FIG. 2 shoWs a schematic plan vieW shoWing the 
light emitting diode of the embodiment of the present 
invention. 

[0040] FIG. 3 shoWs a vieW illustrating interaction 
betWeen light emitted from an active layer and light re?ected 
from a re?ecting mirror 

[0041] FIG. 4 shoWs a vieW illustrating interaction 
betWeen light emitted from the active layer and light 
re?ected from the re?ecting mirror 
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[0042] FIG. 5 shoWs a vieW illustrating interaction 
betWeen light emitted from the active layer and light 
re?ected from the re?ecting mirror 

[0043] FIG. 6 shoWs a vieW shoWing distribution of 
intensity of projected light relative to an spread angle of 
projected light. 

[0044] FIG. 7 shoWs a vieW schematically shoWing dis 
tribution of intensity of projected light in the light emitting 
diode of the embodiment of the present invention. 

[0045] FIG. 8 shoWs a vieW shoWing a portion of a 
manufacturing process for the light emitting diode of the 
embodiment of the present invention 

[0046] FIG. 9 shoWs a vieW shoWing a portion of the 
manufacturing process for the light emitting diode of the 
embodiment of the present invention 

[0047] FIG. 10 shoWs a vieW shoWing a portion of the 
manufacturing process for the light emitting diode of the 
embodiment of the present invention 

[0048] FIG. 11 shoWs a vieW shoWing a portion of the 
manufacturing process for the light emitting diode of the 
embodiment of the present invention 

[0049] FIG. 12 shoWs a vieW shoWing a portion of the 
manufacturing process for the light emitting diode of the 
embodiment of the present invention 

[0050] FIG. 13 shoWs a vieW shoWing a portion of the 
manufacturing process for the light emitting diode of the 
embodiment of the present invention 

[0051] FIG. 14 shoWs a vieW shoWing a portion of the 
manufacturing process for the light emitting diode of the 
embodiment of the present invention 

[0052] FIG. 15 shoWs a vieW schematically shoWing 
distribution of intensity of emitted light in the light emitting 
diode of the embodiment of the present invention. 

[0053] FIG. 16 shoWs a schematic cross-sectional vieW 
shoWing another embodiment of the light emitting diode of 
the present invention. 

[0054] FIG. 17 shoWs a schematic plan vieW shoWing 
another embodiment of the light emitting diode of the 
present invention 

[0055] FIG. 18 shoWs a schematic plan vieW shoWing 
another embodiment of the light emitting diode of the 
present invention 

[0056] FIG. 19 shoWs a vieW shoWing a portion of another 
manufacturing process for the light emitting diode of the 
embodiment of the present invention 

[0057] FIG. 20 shoWs a vieW shoWing a portion of another 
manufacturing process for the light emitting diode of the 
embodiment of the present invention 

[0058] FIG. 21 shoWs a vieW shoWing a portion of another 
manufacturing process for the light emitting diode of the 
embodiment of the present invention 

[0059] FIGS. 22(A) and (B) shoW vieWs shoWing distri 
bution of intensity of projected light in a light emitting 
diode. 
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[0060] FIG. 23 shows a schematic plan vieW showing a 
conventional light emitting diode. 

[0061] FIG. 24 shoWs a vieW schematically shoWing 
distribution of intensity of emitted light in a conventional 
light emitting diode. 

[0062] FIG. 25 shoWs a vieW schematically shoWing 
distribution of intensity of projected light in a conventional 
light emitting diode. 

PREFERRED EMBODIMENTS 

[0063] FIG. 1 is a schematic cross-sectional vieW shoWing 
a light emitting diode of an embodiment of the present 
invention, and FIG. 2 is a schematic plan vieW thereof. The 
light emitting diode is provided With a substrate 22, a layer 
structure 23, a p-electrode 38, an n-electrode 28, a silicon 
oXide ?lm 40, and a lens 20. Laminated in the folloWing 
sequence above the substrate 22 to form the layer structure 
23 are: a buffer layer 24, an n-type contact layer 26, an 
n-type cladding layer 30, an active layer 32, a p-type 
cladding layer 34, and a p-type contact layer 36. 

[0064] The substrate 22 may be formed from sapphire 
(A1203). Other material suitable for groWing a nitride semi 
conductor, such as spinel (MgAl2O4), SiC, ZnO, GaN, etc. 
may be used as the substrate 22. The substrate 22 is 
transparent and is insulating. Aback face of the substrate 22 
is a light projecting face 21. 

[0065] The buffer layer 24 may be formed from, for 
eXample, GaN, AIN, AlGaN, etc. The ?lm thickness may be, 
for eXample, approximately 5 nm-1 pm so as to attenuate 
lattice mismatching betWeen the substrate 22 and the nitride 
semiconductor. Further, the buffer layer 24 need not be 
formed in the case Where the substrate 22 being utiliZed has 
a lattice parameter close to or identical With the nitride 
semiconductor. 

[0066] The n-type contact layer 26 is, for eXample, an 
n-type GaN layer, and is preferably an n-type GaN layer 
doped With Si. These layers may also include an undoped 
nitride semiconductor layer. 

[0067] The n-type cladding layer 30 may be an n-type 
AlGaN layer, and is preferably an n-type AlGaN layer doped 
With Si. 

[0068] The active layer 32 preferably has a SQW (Single 
Quantum-Well) or MQW (Multi-Quantum-Well) con?gura 
tion. The quantum-Well con?guration alloWs a light emitting 
diode With a high output to be attained. The single-quantum 
Well con?guration preferably consists of InXGa1_XN 
(02X; 1). The multi-quantum-Well con?guration prefer 
ably has a Well layer consisting of InXGa1_XN and a blocking 
layer consisting of InyGa1_yN (Y<X, and Y may be Zero). 

[0069] The p-type cladding layer 34 is, for eXample, an 
AlGaN layer, and is preferably a p-type AlGaN layer doped 
With Mg. 

[0070] The p-type contact layer 36 is, for eXample, p-type 
GaN, and is preferably formed from p-type GaN doped With 
Mg. These layers may also include an undoped nitride 
semiconductor layer. Since the p-type contact layer 36 
makes contact With the p-electrode 38, it is important that 
ohmic contact is attained. 
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[0071] The p-electrode 38 also plays the role of a re?ect 
ing mirror that re?ects the light from the active layer 32. 
Taking the light-re?ecting role thereof into consideration, 
the p-electrode 38 may be formed from materials such as Ni, 
Ni/Au, Ni/Ti, Ni/Pt, etc. A distance d betWeen the p-elec 
trode 38 that also functions as a re?ecting mirror and the 
center of the active layer 32 has a value equal to or Within 
110% of (k'>\,/2+>\./4)/Il, (Where X is the Wavelength of light 
projected from the active layer 32, n is the mean refractive 
indeX of the p-type cladding layer 34 and the p-type contact 
layer 36 located betWeen the active layer 32 and the re?ect 
ing mirror 38, and k is an integer). Taking the spectral spread 
of the light emitting diode into consideration, even When 
there is a variation of 110% about the value (k'>\,/2+>\./4)/Il 
for the distance d, the directivity achieved is almost as high 
as When the distance d is (k'>\,/2+>\,/4)/Il. Higher directivity 
may be achieved When the value of the distance d from the 
center of the active layer 32 is preferably equal to or Within 
15% of (k'>\,/2+>\./4)/I1, and even more preferably When this 
is equal to or Within 13% of (k'>\,/2+>\./4)/Il. 

[0072] The n-electrode 28 may be formed from materials 
such as Ti/Al, Ti/Mo, Hf/Al, Hf/Au, etc. 

[0073] The lens 20 may be formed from any kind of resin 
material, glass, etc. 

[0074] As shoWn in the plan vieW of FIG. 2, the p-elec 
trode 38 is formed in a circular shape. The n-electrode 28 is 
formed in a ring shape that surrounds the p-electrode 38. An 
inner circumference and an outer circumference of the 
ring-shaped n-electrode 28 have a similar shape to the 
circular p-electrode 38. The centers of the p-electrode 38 and 
the n-electrode 28 have an identical location. With this 
con?guration, the distribution of electric current ?oWing 
through the active layer 32 can be arranged to have scarcely 
any asymmetrical polariZation. 

[0075] As shoWn in FIG. 1, the light emitting diode of the 
present embodiment has the re?ecting mirror 38 formed 
only on one of the tWo sides of the active layer 32, that is, 
on the side opposite the light projecting face 21. As a result, 
light projected from the active layer 32 toWard the light 
projecting face 21, and light projected from the active layer 
32 toWard the re?ecting mirror 38 and re?ected therefrom, 
mutually interferes. When the light projected from the active 
layer 32 toWard the re?ecting mirror 38 is re?ected there 
from, the phase undergoes a at transformation. Consequently, 
When the optical path difference is 2'Il'd=k'>\.+>\./2, that is, 
When the distance d betWeen the center of the active layer 32 
and the re?ecting mirror 38 satis?es the equation d=(k'>\./2+ 
)t/4)/n, the light projected in a perpendicular direction from 
the light projecting face 21 becomes stronger as a result of 
interfering With the light re?ected from the re?ecting mirror 
38. The de?nitions of )t, n, and k remain as above. FIG. 3 
shoWs the relationship betWeen perpendicular projected 
light A1 and re?ected projected light B1 Wherein d=(k'>\./2+ 
)t/4)/n, k=0 that is, When d=>\,/(4Il). In this case, the perpen 
dicular projected light A1 and the re?ected projected light 
B1 interferes and becomes stronger. 

[0076] By contrast, if the optical path difference is 2~n~d= 
k)», that is, if the distance d betWeen the center of the active 
layer 32 and the re?ecting mirror 38 satis?es the equation 
d=(k'>\./2)/Il, the light is maximally Weakened by the inter 
ference betWeen the projected light and the re?ected light. 
FIG. 4 shoWs the relationship betWeen perpendicular pro 
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jected light A2 and re?ected projected light B2 Wherein 
d=(k'>\./2)/Il, k=1 that is, When d=>\./(2Il). In this case, the 
perpendicular projected light A2 and the re?ected projected 
light B2 interferes and becomes maximally Weaker. 

[0077] In other Words, as shoWn in FIG. 5, the optical path 
difference of the light emitting diode of the present embodi 
ment is established as 2'Il'd=k'>\.+>\./2, that is, the distance d 
betWeen the center of the active layer 32 and the re?ecting 
mirror 38 satis?es the equation d=(k'>\,/2+>\./4)/Il. Conse 
quently, light from the active layer 32 projected in a per 
pendicular manner toWard the light projecting face 21, and 
light from the active layer 32 projected in a perpendicular 
manner toWard the re?ecting mirror 38 and re?ected there 
from in a perpendicular manner, interferes and becomes 
stronger. HoWever, light from the active layer 32 that is 
inclined at an angle 0 and projected toWard the light pro 
jecting face 21, and light from the active layer 32 that is 
inclined at the angle 0 and projected toWard the re?ecting 
mirror 38 and re?ected therefrom in an inclined manner, 
interferes and becomes Weaker. 

[0078] As a result, the spread of light emitted by the light 
projecting face 21 is substantially narroWer than in the case 
of the conventional light emitting diode, and directivity can 
be substantially improved. 
[0079] FIG. 6 shoWs the intensity distribution of the 
projected light relative to the spread angle 0 of projected 
light When the distance d betWeen the center of the active 
layer 32 and the re?ecting mirror 38 is adjusted. The values 
d=52 nm, 260 nm, 468 nm in FIG. 6 are the values in the 

formula d=(k')\./2+>\./4)/Il When k is equal to 0, 2, 4, respec 
tively. Moreover, )» is 520 nm, and n is 2.5. Further, for 
purposes of comparison, the cosine distribution is also 
shoWn. These distributions are normaliZed for the value of 
the light intensity When the spread angle 0 is 0 degrees. In 
fact, the area (energy) of all the distributions are equal. 

[0080] As is clear from FIG. 6, the range of spread angle 
0 having larger light intensity is narroWer, relative to the 
cosine distribution, no matter Whether d=52 nm, 260 nm, or 
468 nm. Hence, directivity increases. Further, the larger the 
distance d betWeen the center of the active layer 32 and the 
re?ecting mirror 38, the narroWer the spread angle range of 
the emitted light. Hence, directivity can be further increased. 

[0081] By providing the light emitting diode of the present 
embodiment With the re?ecting mirror 38, directivity is 
sufficiently increased. Further, since the p-electrode 38 and 
the n-electrode 28 have the shapes described above, there is 
scarcely any asymmetrical polariZation in the distribution of 
electric current ?oWing through the active layer 32 and the 
p-electrode 38. As a result, an increased proportion of light 
projected from the light emitting diode can enter the area 
Within a speci?ed angle. As shoWn schematically in FIG. 7, 
this light emitting diode alloWs a higher proportion of 
emitted light 4 to enter Within an entry angle area 2 of an 
optical ?ber consisting of FOP or the like. That is, the 
coupling ef?ciency With the optical ?ber consisting of FOP 
or the like can be improved. The re?ecting mirror 38 of the 
light emitting diode of the present embodiment is formed 
from a single layer of Ni. Furthermore, this Ni is also 
utiliZed as the p-electrode. As a result, the con?guration 
thereof is simple, and manufacture is cheap and extremely 
easy. 

[0082] Since the light emitting diode of the present 
embodiment alloWs a higher coupling efficiency With the 
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optical ?ber consisting of FOP or the like, and less loss 
occurs, the light emitting diode of the present embodiment 
is extremely suitable as a light source for short range optical 
communications utiliZing POF. The present embodiment has 
the useful result of enabling short range optical communi 
cations Without utiliZing semiconductor lasers Which require 
DBR (Distributed Bragg Re?ector) structures, these latter 
being extremely time-consuming and troublesome to manu 
facture. 

[0083] Next, a manufacturing method for the green-light 
light emitting diode of the present embodiment Will be 
described With reference to FIGS. 8 to 14. 

[0084] First, as shoWn in FIG. 8, the layer structure 23 is 
formed above the sapphire substrate 22 (this being an 
example of a substrate) by means of the metalorganic vapor 
phase epitaxial groWth (MOVPE) method. The layer struc 
ture 23 comprises: the AIN loW temperature buffer layer 24 
(this being an example of a buffer layer), the n-type GaN 
layer 26 (this being an example of an n-type contact layer), 
the n-type AlGaN layer 30 (this being an example of an 
n-type cladding layer), the multi-quantum-Well active layer 
(InGaN and GaN) 32 (this being an example of an active 
layer), the p-type AlGaN layer 34 (this being an example of 
a p-type cladding layer), and the p-type GaN layer 36 (this 
being an example of a p-type contact layer). At this juncture, 
the p-type AlGaN layer 34 and the p-type GaN layer 36 have 
a total thickness of 260 nm. In the formula d=(k'>\,/2+>\./4)/Il, 
this requires that k=2, )\.=520 nm, and n=2.5. Further, the 
layer structure 23 can also be groWn by vapor groWth 
methods such as molecular-beam epitaxial groWth (MBE), 
halide vapor phase epitaxial groWth (HVPE), etc. Subse 
quently, a photo resist is applied to the p-type GaN layer 36 
at the surface of the layer structure 23. Then the photoli 
thography method is utiliZed to perform patterning on the 
photo resist, a photo resist 42 remaining only on a circular 
portion having a 150 pm diameter. This state is shoWn in 
FIG. 8. 

[0085] Subsequently, the circular photo resist 42 shoWn in 
FIG. 8 is masked, and an RIE (Reactive Ion Etching) device 
utiliZing a mixed gas of BCl3 and N2 etches the portions of 
the p-type GaN layer 36, the p-type AlGaN layer 34, the 
active layer 32, and the n-type AlGaN layer 30 that are 
outside the photo resist 42, thereby forming a mesa shape 
and exposing the n-type GaN layer 26 that comprises the 
contact layer. Next, the circular photo resist 42 is peeled off. 
This is the state shoWn in FIG. 9. Then, a silicon oxide ?lm 
(SiO2 ?lm) is formed by the thermal CVD (Chemical Vapor 
Deposition) method across the entirety of the surface of the 
mesa-shaped layer structure 23. Then, the photolithography 
method is utiliZed to etch the silicon oxide ?lm at a central 
portion and outer sides of the surface of the mesa-shaped 
layer structure 23. By this means, as shoWn in FIG. 10, only 
a ring-shaped silicon oxide ?lm 40 remains, this covering 
peripheral end faces of the p-type GaN layer 36, the p-type 
AlGaN layer 34, the active layer 32, and the n-type AlGaN 
layer 30, these being exposed at a mesa step portion of the 
mesa-shaped layer structure 23. 

[0086] Subsequently, a photo resist is applied across the 
entirety of the surface (this including the silicon oxide ?lm 
40) of the mesa-shaped layer structure 23, and then the photo 
resist is removed only from the central portion of the surface 
of the mesa-shaped layer structure 23 (see FIG. 11), so that 
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a photo resist 44 remains on the side portions of the surface 
of the layer structure 23. Then, as shoWn in FIG. 12, Ni 38 
is deposited by the sputtering method over the entirety of the 
surface (this including the photo resist 44) of the mesa 
shaped layer structure 23. Then, as shoWn in FIG. 13, the 
photo resist 44 is removed, this also removing the Ni 38 
deposited thereupon, so that the deposited Ni 38 remains 
only on the central portion of the surface of the mesa-shaped 
layer structure 23 (the lift-off method). The Ni 38 functions 
as both as the p-electrode 38 and as a re?ecting mirror. Next, 
as shoWn in FIG. 14, a Ti/Al 28, (this being an example of 
an n-electrode), is formed on the side portions of the surface 
of the mesa-shaped layer structure 23, this being formed by 
the lift-off method in essentially the same manner as the Ni 
38 Was formed. 

[0087] Subsequently, the device that has been made as 
described above is annealed for 5 minutes in N2 at 500° C., 
the interfaces betWeen the p-type GaN layer 36 and the Ni 
38, and betWeen the n-type GaN layer 26 and the Ti/Al 28 
thereby being alloyed, thus improving contact. Then, the 
sample is separated into chips, and the Ni 38 (p-electrode) 
and the Ti/Al 28 (n-electrode) are soldered to a pedestal 
having an electrode for joining the p-electrode Ni 38 and 
n-electrode TiAl 28 already formed thereon. 

[0088] When the intensity distribution of the emitted light 
is measured While electric current ?oWs through the p-elec 
trode 38 and the n-electrode 28 of the light emitting diode 
manufactured as described above, a high directivity light 
distribution pattern is obtained Wherein approximately 80% 
of light is concentrated Within an area of :20 degrees from 
a reference point that comprises the direction perpendicular 
to the layer face of the active layer 32. Further, a convex lens 
(see No. 20 in FIG. 1) is attached to the light projecting face 
21 of the light emitting diode, this reducing the spread range 
of light to less than or equal to :15 degrees relative to the 
reference point that comprises the direction perpendicular to 
the layer face of the active layer 32, such that extremely high 
coupling ef?ciency is obtained Wherein 90% or more light 
enters a POF having a diameter of 300 pm. 

[0089] Furthermore, FIG. 15 shoWs a schematic represen 
tation of the numerical values for the intensity distribution of 
emitted light of the light emitting diode of the present 
embodiment. As shoWn in FIG. 15, no asymmetrical polar 
iZation occurs in the distribution of intensity of the emitted 
light in the active layer beloW the p-electrode 38, the 
distribution of light intensity being such that there is the 
same intensity of emitted light and an identically varying 
shape of emitted light along rings concentric With respect to 
the center of the p-electrode 38 (here, only tWo values of 
emitted light intensity, namely 9.5 and 10, are shoWn). 
Approximately 30% more light can enter the POP When 
emitted from this light emitting diode than When light is 
emitted from a conventional light emitting diode provided 
With a rectangular electrode having an identical area. 

[0090] The embodiment above merely illustrates some 
possibilities of the invention and does not restrict the claims 
thereof. The art set forth in the claims encompasses various 
transformations and modi?cations to the embodiment 
described above. 

[0091] (1) In the embodiment described above, a con?gu 
ration Was described Wherein light emitted from the active 
layer 32 is projected toWard the side having the sapphire 
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substrate 22. HoWever, a con?guration is equally possible 
Wherein light emitted from the active layer 32 is projected 
toWard the side opposite the sapphire substrate 22. In that 
case, as shoWn in FIG. 16, a re?ecting mirror 25 is formed 
on one of the tWo sides of the active layer 32, that is, on the 
side thereof opposite a p-electrode 39 (in FIG. 16 the 
re?ecting mirror 25 is betWeen the buffer layer 24 and the 
n-type contact layer 26). This re?ecting mirror 25 may be 
located at or Within 110% of (k'>\./2+>\./4)/Il from the center 
of the active layer 32. In this case, the re?ecting mirror 25 
is preferably formed from, for example, TiN, CoSi, or the 
like. By making the p-electrode 39 suitably thin, transpar 
ency relative to the projected light can be ensured While the 
necessary conductivity is also ensured. 

[0092] (2) In the embodiment described above, a con?gu 
ration Was described Wherein the re?ecting mirror also 
functions as the p-electrode 38. HoWever, it is of course also 
possible that the re?ecting mirror does not also function as 
an electrode, but is formed independently only as a re?ecting 
mirror. For example, the re?ecting mirror may be formed 
betWeen the p-type contact layer 36 and the p-type cladding 
layer 34. In this case, the re?ecting mirror is preferably 
formed from, for example, TiN, CoSi, or the like. 

[0093] Further, although this Would complicate the manu 
facturing process, the re?ecting mirror may be formed from 
a DBR (Distributed Bragg Re?ector) structure such as used 
in semiconductor lasers, this consisting of semiconductor 
multi-layer ?lms, dielectric multi-layer ?lms, metal multi 
layer ?lms, or the like. 

[0094] (3) In the embodiment described above, an 
example Was described Wherein the p-electrode 38 has a 
circular shape When vieWed from above, and the n-electrode 
28 is formed in a ring shape that surrounds the p-electrode 
38. HoWever, a con?guration such as that in FIG. 17 is also 
possible Wherein a p-electrode 52 has a square shape and an 
n-electrode 50 surrounds the p-electrode 52, the centers of 
both electrodes 52 and 50 having an identical location. In 
that case, as shoWn in FIG. 17, an inner circumference of the 
n-electrode 50 may be circular, and an outer circumference 
thereof may be hexagonal, so that this differs in shape from 
the square p-electrode 52. Further, as shoWn for example in 
FIG. 18, a con?guration is possible Wherein, When vieWed 
from above, a hexagonal p-electrode 56 is surrounded by an 
n-electrode 54 having a similar shaped hexagonal inner 
circumference and outer circumference, the centers of both 
electrodes 56 and 54 having an identical location. 

[0095] (4) The manufacturing method of the embodiment 
described above may equally Well be replaced by the fol 
loWing manufacturing method. 

[0096] First, a layer structure 23, shoWn in FIG. 19, is 
formed by the same manufacturing method as in the embodi 
ment described above. Then, Ni is deposited on a p-type 
GaN layer 36, this being an uppermost surface of the layer 
structure 23, and then a photo resist is applied above the Ni. 
Then the photolithography method is utiliZed to perform 
patterning on the photo resist, a photo resist 46 remaining 
only on a circular portion having a 150 pm diameter. Then 
the circular photo resist 46 is masked, and nitric acid is 
utiliZed to dissolve the Ni on the portions outside the photo 
resist 46, so that Ni 38 remains only on a circular portion 
concentric With the photo resist 46. Next, the circular photo 
resist 46 is masked and, as With the manufacturing method 




